.„.!!,. !1_,B jJ it ilZt , 



.a. = "H".u:r„ ""ii" 



sl.v »~ je:~. a;:u. i 



ACTIVE OPTICAL DEVICE 
BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to the field of fiber optics, and more particularly to an active optical 
5 device, such as a transmitter and/or receiver device for coupling to an external light guide, 
such as an optical fiber cable. 

2. Description of Related Art 

In the field of optical fiber transmission, optical devices are needed to generate light for 
transmission into, and receive light from, the optical fibers. The actual transmitting 

10 devices are typically VCSELS (Vertical Cavity Surface Emitting Lasers), which are 
highly efficient semiconductor light emitting devices. These optical devices need to be 
associated with driver circuits that supply the appropriate current to modulate the lasers. 
The receivers are typically PIN diodes, which also need to be associated with appropriate 
driver circuitry to demodulate the received light signals. The drivers must be electrically 

15 connected to external circuits. 

VCSELS typically are arranged in banks of four on a single chip. In the prior art, it is 
known to mount them on a "lead frame", which consists of a metal frame, usually made 
of nickel, having separate leads that connect the individual VCSELs to their respective 
driver circuits. Prior art devices operating at 2.5 Gbps typically have their VCSELs 

20 mounted on the end face of a solid rectangular metal block that acts as a heat sink. A 

printed circuit containing the driver chips is mounted on one face of the heat sink, and the 
lead frame bonded to the heat sink connects the driver chips to the VCSEL contacts. The 
end face of the heat sink has protruding guide pius that precisely locate a fiber optic 
ferrule relative to the VCSELs so that the optic fibers contained in the optic fiber cable 

25 are respectively aligned with the individual optical components, whether they transmitters 
or receivers. The driver chips should be mounted as close to the VCSELs as possible to 
minimize parasitic effects. In the prior art, this is achieved by mounting them at the end of 
the metal block forming the heat sink. 

While the above arrangement works well at 2.5 Gbs, there is an ever increasing desire to 
30 increase speed, and a new generation of devices will operate at 10 Gbs. These new 
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devices create a need for a further improvement in parasitic performance, and in 
particular require the drivers to be mounted even closer to the VCSEL light sources. 

SUMMARY OF THE INVENTION 

The invention departs from the traditional method described above and mounts all the 
5 components on a substrate, typically made of glass or sapphire, using a solder alignment 
technique to mount the components in precise and close proximity. Unlike the prior art, 
light transmission takes place Uirough the transparent substrate with the components 
being mounted on the rear face and the light guide being attached to the front face by 
means of guide pins protruding on either side of the transparent substrate. 

10 Accordingly in a first aspect die invention provides a method of making an active optical 
device for coupling to an external light guide, comprising the steps of providing a 
substrate providing a light path therethrough and having a front face and a rear face; 
providing a plurality of components for attaclunent to die rear face of said substrate, each 
said active component having a face presenting an array of contacts, said components 

15 including at least one optical component selected from the group consisting of a light 

emitter and light receiver; forming a plurality of arrays of contacts on the rear face of said 
transparent substrate at precisely defined locations corresponding to an intended location 
of the contacts of each component; flip-chip bonding said components onto said substrate 
using a solder alignment technique to attach said components to said substrate in 

20 precisely predetermined locations determined by said arrays of contacts; and said at least 
one optical component being oriented so that it can be optically coupled through said 
transparent substrate to the external light guide. 

Ideally, the substrate is transparent to the operating wavelength, although if necessary 
holes can be formed in the substrate to create a light path therethrough. 

25 The active optical components can be VCSELs (Vertical Cavity Surface Emitting Lasers) 
serving as light emitters and PIN diodes serving as light receivers. The device is designed 
for use at 10 Gbs at a wavelength of 850 ran, although it is also useful at other speeds and 
wavelengths, including 240 Gbps. 

It will be understood by one skilled in the art that fiber optic transmission can occur in the 
30 visible and non-visible portions of the spectrum, and the terms "optical" and "light" are 
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used herein to include those portions of the spectrum, including infrared and ultraviolet, 
normally used for fiber optic transmission whether visible or not. 

The substrate can be any suitable material, but it is ideally transparent to the operating 
wavelength to avoid the need to form holes, and glass or sapphire are preferred. Sapphire 
5 is the most preferred due to its heat transmission properties. 

' Typically, the substrate is first patterned to provide the conductive tracks in a 
conventional manner, and then solder nodules known as "bumps" are applied by 
deposition through a mask to permit the components to be attached by flip-clup bonding. 
Alternatively, the bumps can be applied to the corresponding contacts on the components, 

10 or both. Flip-chip bonding is a technique, for example, described in US patent no. 

6,190,940, incorporated herein by reference, wherein clups are bonded "upside down" 
directly onto a substrate. Matching contacts are present on the substrate and chip, and 
solder bumps arc deposited on the substrate, the chip or both. The parts are brought 
together and the solder heated. As the solder melts, it draws the parts into precise 

15 alignment by surface tension effects and also bonds them together. The solder bumps, as 
is known in Uie art, are typically made of a gold/tin or gold/tin/lcad alloy. 

By mounting the components on a substrate using flip-chip bonding techniques and 
having the light exit from the other side of the substrate, it is possible to mount them to 
very fine tolerances and also to bring the driver circuits into close proximity with the 

20 active optical components. 

A remaining problem is how to aiign the ferrule containing the optic fibers providing the 
external light guide with the VCSELs. Tin's is achieved by using the same solder 
alignment technique to mount a guide frame, typically made of plated nickel, on the rear 
side of the substrate. Solder bonding pads are laid out in a predetermined partem, and the 

25 guide frame has matching pattern winch is solder aligned with the bonding pads. The 
guide frame has wing portions overhanging the side of the substrate, and the wing 
portions contain indicia, preferably in the form of through-holes, marking the location of 
the guide pins. Thus, in a final step, when a heat sink, typically a block of highly 
conductive metal, is applied to the rear side of the substrate, the guide pins, which 

30 protrude from the heat sink and pass on each side of the substrate, can be aligned relative 
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to the rest of the components, and more particularly the optical components, by passing 
them through the guide holes in the guide frame. 

In another aspect the invention provides an active optical device comprising a substrate 
with a light path therethrough and having a front face and a rear face; a plurality of 
5 components solder bonded to the rear face, said components including at least one active 
- optical component located so that it can be coupled through the transparent substrate to an 
external light guide; a guide frame solder bonded to the rear face of the substrate; and a 
heat sink having guide pins bonded on the rear side of said substrate, said guide pins 
protruding forward to engage recesses in an external light guide coupling. 

1 0 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in more detail, by way of example only, with 
reference to the accompanying drawings, in which;- 

Figure 1 is a plan view of the rear side of a transparent substrate prior to attachment of the 
components; 

1 5 Figure 2 is a plan view of a guide frame for locating guide pins; 

Figures 3a is a plan view of the contact side of a fan-out substrate, and Figures 3b and 3c 
show the exposed sides of the fan-out substrates when they are mounted in position; 

Figure 4 is a plan view of the top side of a partially complete assembly; and 

Figure 5 is a plan view of the front side of a heat sink showing the guide pins. 

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In accordance with the principles of the invention, solder alignment is used to precisely 
locate components on the rear side of a substrate. Preferably the substrate is transparent, 
in which case optical transmission takes normally takes place through the substrate to an 
external guide, which typically is terminated by a fiber optic ferrule located by guide pins 
25 protruding forwardly from the device. However, if the substrate is not transparent, or is 
insufficiently transparent at the operating wavelengths, it is possible to drill holes in the 
substrate to create a light path through it. 

Referring now to Figure 1, a substrate 10 is transparent to the operating wavelength of the 
optical device, typically 850nm. The substrate 100 is pref/era.bjv of fjQpphjrc fOf itS lOt 
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transmissive properties, but it could be of other transparent materials, such as glass. The 
key requirement is that it should be transparent to the operating wavelength of the device, 
otherwise as noted above it will be necessary to drill holes through the substrate to create 
a light path through it. 

5 In the first step of the process, the substrate 10 is patterned using a conventional 
photolithographic technique to lay out conductive tracks which are not shown in the 
drawings. These tracks connect the driver circuits to the VCSELS or PIN diodes and to a 
fan-out substrate, which serves to provide external electrical connections. Next a mask 
(not shown) is applied and solder bumps 15, for example, made of an alloy of gold/tin or 
10 gold/rin/lcad, arc applied in arrays on the sapphire substrate 10. Most of die solder bumps 
1 5 are located at the terminal ends of the conductive tracks, although some additional 
bumps are provided for bonding to a guide frame as will be described in more detail. 

End arrays 1 1 consist of a rectangular array of solder bumps for establishing connection 
with a fan-out substrate 16 shown in Figures 3a to 3c. As shown in Figure 3a, the fan-out 

15 substrate 16 has matching contacts 17 on the underside, which may or may not also have 
solder bumps. Similarly, arrays 1 2 of solder bumps are laid out where the driver chips are 
to be located, and arrays 13 correspond to the locations of the VCSELs or the PIN diode 
receivers. The bumps correspond precisely to the location of the matching contacts on the 
underside of the driver chips and optical devices. The driver chips can, for example, be 

20 those sold be AMCC corporation. The solder bumps are interconnected in the desired 

electrical arrangement by conductive tracks formed on the surface of the substrate. These 
conductive tracks are not shown in the drawing to avoid excessive clutter. 

It will be understood that in accordance with flip-chip bonding techniques, the solder 
bumps can be formed on the substrate, the matching contacts of the components to be 
25 applied, or both. 

Next, guide pad arrays 14 are formed on either side of the driver chip and VCSEL arrays 
1 2, 13. These consist of opposed pairs of pads 17 extending on either side of a linear track 
and forming a predetermined shape designed to ensure precise alignment of the parts 
during solder bonding. The guide pad arrays 14 are very precisely positioned with respect 
30 to the substrate and in particular with respect to the VCSEL arrays 14. The pads 17 are in 
the form of solder bumps similar to those forming ft^ SQMpGTlOllt uTiu Y 5. 
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As shown in Figure 2, a rectangular guide frame 20 has a pair of wing portions 21 and 
side edges 22 having an array of contact pads 22 precisely matching the arrays 14. The 
pads 22 are exactly the same size and shape as the pads 17 on the substrate 10. A pair of 
indicia 23, which may be simple marks, but are preferably holes, are formed in the wing 
5 portions 2 1 . 

In the next step, the fan-out substrates 16 arc flip-chip bonded to the substrate 10 along 
with the guide frame 20. In this technique, the components are inverted with their contact 
arrays facing the respective arrays of solder bumps 11, 14, 15, and the assembly is heated 
to melt the solder bumps. The components are located as precisely as possible 
10 mechanically, but the final alignment results from the chips "floating" into place on the 

molten solder due to surface tension effects as is known per se in the prior art. The shaped 
pads 22, 17 ensure that the- guide frame is very precisely located relative to the substrate. 
This is important hecausc the location of the guide frame is critical to ensure the ultimate 
positioning of the optic fibers relative to the active optical components. 

15 The wing portions 21 of the guide frame 20 overhang the side edges of the transparent 
substrate 10 as shown in the partly assembly view in Figure 4. The wing portions contain 
the indicia 23, preferably in the form of holes, to mark the locations of the guide pins. 

The fan-out substrates 16 are essentially glass plates having conductive tracks patterned 
on the underside in a fan-out manner and terminating in contacts matching the arrays of 
20 solder bumps on the substrate 10. The tracks lead to flex-card electrical connectors. 

Once the guide frame 106 has been solder bonded in plaee, the driver chips and active 
optical components can be added. This are flip-chip bonded in the same manner as above 
onto the arrays 12, 13. The drivers are located in very close proximity to the active optical 
components. 

25 Finally, a heat sink 30, (shown in Figure 5) usually in the form of a solid metal 

rectangular block, with pins 3 1 protruding on its front side is bonded, typically by gluing, 
onto the partly assembled device. The guide pins (not shown) are passed through the 
holes 23 in the guide frame to ensure that they are precisely located. 

The entire device can then be mounted in a suitable housing for receiving the fiber optic 
30 ferrule on the front face of the substrate 10, which can be precisely located relative to the 
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optical components by the protruding guide pins. The transmission of light takes place 
through the substrate 1 0 either due to its transparency, or if necessary through holes 
drilled to form a light path. 

It will be appreciated that the order of assembly of the components onto the substrate is 
5 generally not important, although clearly the heat sink must be applied after the 
application of the guide frame and other components. Typically the driver circuits, 
VCSELs and fan-out substrates are mounted on the main substrate at the same time. 

It wi)J also be appreciated by one skilled hi the art that many other shapes of array can be 
used for the guide frame. The important point is that the guide frame be precisely aligned 
10 with the transparent substrate using a solder alignment technique in order to permit 

subsequent precise alignment of the guide pins that are attached to the heat sink relative 
to the active optical components when the heat sink is applied to the device. 

The inventive arrangement permits the driver circuits to be mounted extremely close to 
the active optical components, thereby achieving good performance at very high speeds in 
1 5 the order of 1 OGbs per channel. 
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